Fusarium isolates belonging to 24 species and 8 sections were subjected to 11 growth, physiological and biochemical tests (166 isolates). All species were able to grow on 25% Glycerol nitrate agar (G25N), Mannitol medium, Czapek iprodione dichloran agar (CZID) and Dichloran chloramphenicol peptone agar (DCPA). Growth rate, colony colour and reverse on G25N and CZID were promising diagnostic criteria for separating species within sections. The growth rate and reverse on Mannitol agar was diagnostic not only for separation of F. oxysporum from F. solani, but also for separation of many other Fusarium species treated. The ability to grow on Tannin-sucrose agar could distinguish some species of sections Liseola and Sporotrichiella. Acid production on Creatine-sucrose agar distinguished some species of section Liseola and F. trichothecioides of section Discolor. Acetylmethylcarbinol production revealed for the first time that all isolates of F. subglutinans can produce this substance, while most remaining isolates lacked this ability. Tests for peroxidase, urease and pyrocatechol oxidase proved to be very useful. The phosphatase enzyme seems to be common in Fusarium species and therefore it is only diagnostic for F. camptoceras (negative results). Some physiological features could be used as criteria to distinguish some sections or species within the same section.
INTRODUCTION
Fusarium (Hypocreales, Ascomycota) is a taxonomically difficult genus. Its identification based on morphological features only is not reliable; thus the identification of different Fusarium species requires special culture media, some physiological criteria or molecular methods (see e.g. Fusarium-ID). The high variability in species, especially under different environmental conditions, has led taxonomists to consider some special criteria for the classification of species (Booth 1975) .
There are many isolation media for recovering and identifying Fusarium species, such as Czapek Dox agar (Raper & Thom 1949) , Peptone-PCNB agar (Nash & Snyder 1962) , Dichloran chloramphenicol peptone agar (Andrews & Pitt 1986) and Czapek iprodione dichloran agar (Abildgren et al. 1987) . Also selective media for isolation and identification of Fusarium species were developed and found helpful, permitting rapid identification of Fusarium isolates on such media (Komada 1975; Andrews & Pitt 1986; Abildgren et al. 1987; Vázquez et al. 1993; Thrane 1986 Thrane , 1996 .
The use of physiological and biochemical criteria in Fusarium taxonomy after the classical works by Booth (1971) , Gerlach & Nirenberg (1982) , Nelson et al. (1983) , and Leslie & Summerell (2006) was explored to some extent by Komada (1975) , Švábová et al. (1980) , Thrane (1986) , Wasfy et al. (1987) , Brayford & Bridge (1989) , and Vázquez et al. (1993) .
The goal of this study was to find any other criteria that might be useful in Fusarium species differentiation. The present study was designed to find some physiological and cultural features of Fusarium species commonly occurring in Egypt.
MATERIAL AND METHODS
This study included 166 Fusarium isolates belonging to 24 species from 4 sections with abundant microconidia (section Liseola, representing 5 species and 36 isolates; Sporotrichiella, 5 species and 33 isolates; Elegans, 1 species and 9 isolates; and Martiella, 1 species and 8 isolates) and 4 sections with abundant macroconidia and scarce microconidia (Arthrosporiella, representing 3 species and 20 isolates; Discolor, 4 species and 27 isolates; Gibbosum, 2 species and 12 isolates; and Lateritium, 3 species and 21 isolates). Most of these isolates (143) were isolated from different sources in Egypt (e.g. soil, air, seeds, grains, etc.) during the period 2004-2005, deposited in the Mycological Herbarium of the Department of Botany and Microbiology, Faculty of Science, Assiut University, and assigned MH numbers. All isolates were identified based on morphological and microscopic features within a year of isolation (Booth 1971 , Nelson et al. 1983 , Leslie & Summerell 2006 . These isolates were subjected to some tests concerning physiology and growth behaviour on selected agar media. Ten isolates were kindly obtained from the culture collection of Assiut University Mycological Centre (AUMC) and 13 isolates from the Centraalbureau voor Schimmelcultures (CBS) (see Tab. 1). Growth on 25% Glycerol nitrate agar medium (G25N) (Pitt 1973) , Ammonium salts agar medium (Mannitol medium) (Brayford & Bridge 1989), Czapek iprodione dichloran agar (CZID) (Pitt & Hocking 1997) and Dichloran chloramphenicol peptone agar (DCPA) (Andrews & Pitt 1986 ) was investigated. Plates of G25N, CZID, DCPA, and Mannitol agar were inoculated and after 7 days of incubation at 25°C examined for growth rate and colony morphology characteristics. Plates of Tannin-sucrose medium (TAN) (Thrane 1986) were inoculated and incubated at 25°C and examined for growth after 7, 10, 14 and 21 days of incubation. The isolates can be divided into two groups, a group which is able to grow on TAN agar (TAN+) and a group which is unable to grow on TAN agar (TAN-). Acid production on Creatine-sucrose agar plates (CREA) (Frisvad 1985 (Frisvad , 1993 which were three-point inoculated and incubated at 25°C in the dark was also examined after 7 and 10 days of incubation.
Acetylmethylcarbinol production (Voges-Proskauer test). The ability of Fusarium species to produce acetylmethylcarbinol from glucose was detected using Glucose phosphate broth (Harrigan & McCance 1966) . Tubes containing medium were inoculated and incubated at 25°C for 5-7 days. After the incubation period, 1 ml of culture was transferred to another tube, 0.6 ml of 5% (wt/vol) α-naphthol dissolved in absolute ethanol was added, and mixed thoroughly. Then 0.2 ml of 40% aqueous KOH was added. The mixtures mixed well, and were incubated in a slanted position to increase the surface area of the medium (the reaction is dependent on oxygen). A positive reaction (after 15 and 60 min.) is indicated by a strong red colour which begins to develop at the surface of the medium.
Urease activity. We used the medium described by Paterson & Bridge (1994) . This medium contains urea and bromocresol purple as a pH indicator. Agar plates were inoculated centrally and the results were recorded five days after incubation at 25°C. Isolates capable of producing urease turned the yellow colour of the acidic medium purple-red or deep pink. The diameters of the colonies as well as the colour zone (in cm) were measured. The enzyme index for urease was expressed according to Ho & Foster (1972) and Ismail (2001) as follows: Enzyme index = Diameter of outer limit of clear zone / Diameter of fungal colony.
Peroxidase activity. The ability of Fusarium species to produce peroxidase was determined by a modification of the procedure described by Egger (1986) . Fusarium species were grown on MEA (Malt extract agar, Pitt & Hocking 1997) in Petri dishes for 12 d and were cut with a flamed cork borer within the outermost 10 mm of the colony. One drop each of a freshly prepared 1% (w/v) aqueous solution of pyrogallic acid and 0.4% hydrogen peroxide was added to the well. Development of a golden yellow to brown colour indicates peroxidase activity (Egger 1986 ).
Phosphatase activity. The ability of Fusarium species to produce the phosphatase enzyme was detected using the Phosphatase medium described by Gochenaur (1984) . Agar plates were inoculated centrally by Fusarium isolates and incubated at 25°C for 5 days. After incubation, one drop of 30% ammonium hydroxide solution was added to the lid of the inverted plate. Hydrolysis of sodium diphosphophenolphthalein was considered positive if a deep fuchsia-coloured zone developed around the colony in the presence of ammonium hydroxide vapours.
Pyrocatechol oxidase activity. The ability of Fusarium species to produce the extracellular enzyme pyrocatechol oxidase was detected following the method described by Chandrashekar & Kaveriappa (1988) . 2% MEA agar plates containing 0.17% tannic acid were inoculated centrally and incubated at 25°C for 10 days. The presence of a dark brown zone around the colony indicates pyrocatechol oxidase activity.
RESULTS AND DISCUSSION
This research was aimed at establishing some physiological criteria for the identification of common Fusarium species within sections or distinguishing sections from each other. Eleven cultural, physiological and biochemical tests were assessed in order to find any criteria which can be useful in such identification. These tests include growth features and pigmentation on some selected media as well as production of enzymes and other metabolites. One hundred sixty-six isolates belonging to 24 Fusarium species were used in the present work (Tab. 1).
Growth on 25% Glycerol nitrate agar medium (G25N)
All investigated strains grew on G25N medium and produced pigmented colonies. However from the results obtained, growth on G25N could be considered a promising diagnostic medium for separating species of Fusarium within individual sections. Based on this, species could be divided into two groups: species with a growth rate of less than 2 cm diameter and those with a growth rate of more than 2 cm diameter per 7 days. Only the isolates of 8 species produced colonies with variable diameters on G25N: F. udum, F. xylarioides, F. nygamai, F. proliferatum, F. subglutinans, F. verticillioides, F. fusarioides and F. poae (Tab. 2) .
The colony colour and pigmentation on G25N medium were consistent for most species, which might make these characters diagnostic for these species. For example, some species showed an orange reverse while others were brownish. At the same time the colony colour (aerial mycelium) of all isolates of the three species within section Arthosporiella (F. avenaceum, F. camptoceras and F. semitectum) and F. concolor showed a yellowish aerial mycelium. The aerial mycelium of F. culmorum, F. graminearum, F. trichothecioides, F. equiseti, F. lateritium, F. udum, F. proliferatum and F. solani was orange, while that of F. anthophilum, F. nygamai and F. fusarioides was pinkish to pale red (Tab. 2). Growth and pigmentation on G25N agar is used not only for identification of Penicillium species (Pitt 1973) but also for identification of species of the genus Phoma (Montel et al. 1991) .
Growth on Mannitol agar medium
The strains could be divided into two groups according to colony diameter: less than 4 and more than 4 cm diameter. Mannitol medium was first used by Brayford & Bridge (1989) to distinguish strains of Fusarium oxysporum from those of F. solani by means of pigmentation. Orange pigments were commonly produced by isolates of F. solani and red ones by F. oxysporum. In the present work, growth and pigmentation on mannitol agar showed that this medium is promising as a diagnostic tool not only for differentiation of F. oxysporum and F. solani (Brayford & Bridge 1989) , but also for many species treated in this research.
Growth on Czapek iprodione dichloran agar medium (CZID)
Colony diameters of most species of Fusarium proved to be diagnostic hence some species grow restrictedly (< 5 cm diameter per 7 days), while others grow rapidly (> 5 cm diameter per 7 days). Three species of section Arthrosporiella (F. avenaceum, F. camptoceras, F. semitectum), the three species from section Lateritium (F. lateritium, F. udum and F. xylarioides), and one species out of five in section Liseola (F. anthophilum) created colonies smaller than 5 cm, while F. culmorum, F. graminearum and F. sambucinum (all section Discolor), F. equiseti (section Gibbosum), F. nygamai, F. proliferatum, F. subglutinans and F. verticillioides (all section Liseola), and F. sporotrichioides (section Sporotrichiella) created colonies larger than 5 cm (Tab. 2).
A brownish reverse was revealed on CZID for all isolates of F. camptoceras, F. semitectum and F. solani, while F. avenaceum showed an orange reverse. The reverse of F. culmorum, F. graminearum, F. proliferatum, F. fusarioides, F. poae, F. sporotrichioides and F. tricinctum was red to brownish red. A fourth group was formed by species with a yellowish reverse. This group includes F. sambucinum, F. trichothecioides (both section Discolor) and F. chlamydosporum (section Sporotrichiella) (Tab. 2).
The colour of aerial mycelium on CZID differed between species. The aerial mycelium of F. avenaceum, F. camptoceras and F. solani was white, in F. graminearum, F. fusarioides, F. poae, F. sporotrichioides and F. tricinctum it was reddish, in F. semitectum and F. equiseti orange, and in F. oxysporum and F. udum it was pinkish. Isolates of the remaining Fusarium species had mycelia of variable colour (Tab. 2).
Dichloran (2,6-dichloro-4-nitroaniline) is a well known chemical inhibiting rapid-growing moulds (King et al. 1979) . Iprodione [3-(3,5-dichlorophenyl)-Nisopropylcarbamoyl-2,4-dioxoimidazolidine-1-carboxamide] is reported to inhibit Alternaria, Botrytis, Didymella, Rhizoctonia and Sclerotinia species. Czapek iprodione dichloran agar (CZID) was first developed by Abildgren et al. (1987) as a selective medium for the isolation of Fusarium species, which proved to be the most effective medium for this purpose in the work by Abdel-Hafez et al. (2009) . The present work indicates another use for this medium: not only for isolation of Fusarium species but also for distinguishing these species.
Growth on Dichloran chloramphenicol peptone agar medium (DCPA)
DCPA was developed for the selective isolation of Fusarium species and dematiaceous hyphomycetes from cereals by Andrews & Pitt (1986) . Here, in an effort to make use of this medium, isolates of Fusarium were grown and two categories of species could be observed according to their growth rates (less or more than 5 cm diameter). However, all isolates tested produced unpigmented colonies.
Fusarium lateritium, F. udum, F. xylarioides and F. anthophilum showed colony diameters less than 5 cm while 10 species represented by 65 isolates (F. avenaceum, F. camptoceras, F. culmorum, F. graminearum, F. concolor, F. verticillioides, F. solani, F. chlamydosporum, F. fusarioides and F. tricinctum) showed colony diameters of more than 5 cm. Other isolates of 10 species produced colonies of variable diameter on this medium. In this respect, Andrews & Pitt (1986) reported that isolates of Fusarium graminearum produced smaller colonies with heavier conidiogenesis on DCPA (27-43 mm), however a rapid growth (exceeding 5 cm diameter) of F. graminearum isolates on DCPA was reported in the present work (Tab. 3).
Growth on Tannin-sucrose medium
Eighteen species out of the 24 studied were able to grow on Tannin-sucrose medium while all isolates of the remaining six species were not able to grow on this medium. These were F. culmorum, F. graminearum, F. sambucinum and F. trichothecioides (section Discolor), F. anthophilum (section Liseola) and F. poae (section Sporotrichiella). It is interesting that all species of sections Arthrosporiella, Elegans, Lateritium and Martiella were able to grow on tanninsucrose medium while all species of section Discolor were not. Further, from section Liseola only F. anthophilum and from section Sporotrichiella only F. poae were not able to grow on tannin-sucrose. Hence, this test could be useful as a diagnostic tool for distinguishing sections and in some cases for distinguishing species within sections, e.g. in sections Liseola and Sporotrichiella.
In a study on 11 Fusarium species by Thrane (1986), eight species were able to grow on Tannin-sucrose agar, while 3 species were unable to grow on this medium. It is worth mentioning that our results were in complete agreement with those of Thrane (1986) . F. avenaceum (6 isolates in the present work, 76 isolates in Thrane's work), F. equiseti (6 and 26), F. oxysporum (9 and 37), F. solani (8 and 17), F. sporotrichioides (8 and 18), F. tricinctum (5 and 21) and F. verticillioides (9 and 17) were able to grow on Tannin-sucrose medium, while F. culmorum (7 and 102), F. graminearum (6 and 9) and F. poae (8 and 46) were unable to grow on this medium (Tab. 3).
Acid production on Creatine-sucrose agar
All isolates of all species tested gave consistent results on Creatine-sucrose agar except those of F. proliferatum, which were isolate-dependent. Only three species were able to produce acid on Creatine-sucrose agar, F. trichothecioides (section Discolor), F. nygamai and F. verticillioides (both section Liseola), while the other 20 species were not (Tab. 3).
Creatine-sucrose medium was developed as a differential medium for Penicillium subgenus Penicillium (Frisvad 1981 (Frisvad , 1985 and was one of the few media recommended also by Bridge et al. (1989 Bridge et al. ( , 1991 . This medium was modified and used as a diagnostic medium for use in Penicillium and Aspergillus taxonomy avoiding pH adjustments by Frisvad (1993) . In the present work this medium proved to be useful in distinguishing species within sections Discolor and Liseola.
Acetylmethylcarbinol production (Voges-Proskauer test)
Only a limited number of isolates (22 out of 166) were able to produce acetylmethylcarbinol in Glucose phosphate broth. Acetylmethylcarbinol was produced by all isolates of F. subglutinans (8 tested isolates), some isolates of F. camptoceras (4 out of 6 tested isolates), F. trichothecioides (2 out of 6), F. nygamai (2 out of 8), F. proliferatum (2 out of 7), F. verticillioides (2 out of 9) and F. chlamydosporum (2 out of 6) (Tab. 3). On the other hand, all isolates tested of the other 17 species lacked the ability of producing this product. There are no reports available on the production of acetylmethylcarbinol by species of Fusarium to compare our data with. + - (5) + (2) - (5) + (2) 3.6 ± 0.8 (7) + (2) 2.1 ± 0.2
- (4) + + (7) - (2) F. chlamydosporum (6) 5.9 ± 0.3 Acetylmethylcarbinol (acetoin) is a natural end product produced by some microorganisms in glucose fermentation. Glucose is metabolised to pyruvic acid, which is a key intermediate in glucolysis. The production of acetoin is one pathway for glucose degradation occurring in bacteria (Abd-El-Malek & Gibson 1948) . In the present work we made use of this test in Fusarium species differentiation for the first time.
Urease activity
Ten out of the 24 tested species lacked the ability of producing the urease enzyme. Out of the three species in section Arthrosporiella only F. avenaceum did not produce urease, while in section Discolor only F. sambucinum was capable of producing urease. Also, F. oxysporum and F. solani could be distinguished from each other by this enzyme, since F. oxysporum produced it, whereas F. solani did not. Also F. concolor could be separated from F. equiseti (both section Gibbosum) by its ability to produce urease. One out of three species in section Lateritium and two out of five species in section Sporotrichiella and one out of five in section Liseola lacked the ability to produce this enzyme (Tab. 3). Urease production seems to be a promising diagnostic tool in species differentiation in the genus Fusarium. Švábová et al. (1980) did not detect urease activity in all tested species, including F. solani, F. poae, F. tricinctum, F. avenaceum, F. semitectum, F. sporotrichioides, F. moniliforme, F. oxysporum, F. lateritium, F. acuminatum, F. culmorum and F. sambucinum . In accordance with our results, F. oxysporum
